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INTRODUCTION
Tilapia species have only recently received
attention as a staple article of food in their
native environment-Africa. and the Middle
East. Since this fish is a potential source of
cheap abundant, and palatable protein,
many agencies concerned with the world
food problem, particularly the Food and
Agriculture Organisation (F.A.O.) of the
United Nations, have reen very much concer-
ned with the cultivation of its various species.
Pond-raised Tilapia start to breed at a
small size and breed all the year round
at frequent intervals~ This prevents an
increase in weight of the individual fish,
and this is most undesirahle from a fish
culture point of view.
The task in Tilapia culture has, therefore,
for the past two decades or so, been trying
to raise large marketable-size fish. The
methods adopted so far by workers have
been purely empirical. entailing mostly
ecological observations. Recently, a genetical
approach has been adopted to achieve this
goal, but at present the problem remain!'.
unsolved.
The aim of this research was to retard
the onset of maturation and breeding using
Methallibure (I.e.I. 33,828), thereby allowing
more time for somatic growth. The process
of development of the gonads was studied,
laboratory experiments were performed upon
a breeding stock of Tilapia in an attempt
to postpone spawning, and the results of
these investigations were tested, on fish in
ponds at the Fish Culture Research Station
in Israel.
MATERIAL AND METHODS
Source and Maintenance of Fish
Tilapia aurea were raised in ponds at the
Fish Culture Research Station, Dor, Israel.
For the purposes of laboratory experiments
the required number of fish were, each time,
transferred into 200 and 400 litre tanks in
the laboratory. Fishes in Stages III and IV
of maturation (see DAZIE 1969 and 1974)
were selected for the experiments. The tanks
were well aerated and cleaned fortnightly
but one-third of the aquarium water was
replaced weekly with tap water. The fish
were maintained at 25-30cC under a natural
regime of light and recurring darkness and
fed on commercially prepared pellets con-
taining 69 ~~ maize, 15 ~,~ fish meal, and
16 ~~ soya bean. A few days were allowed
for acclimation to laboratory conditions
before the experiments started.
1 2 8 S T E P H E N D A D Z I [
M e t h a l l i b u r e T r e a t m e n t s
A s u s p e n s i o n o f M e t h a l l i b u r e ( a d i t h l O -
c a r b o m o y l h y d r a z i n e d e r i v a t i v e 1 . e . 1 .
3 3 , 8 2 8 - B a t c h N o . P D / A S 5 1 0 2 / 6 7 ) c o n -
t a i n i n g 1 . 0 g p e r 1 0 0 m ! . d i s t a l e d w a t e r
w a s p r e p a r e d . T w e e n 8 0 ( a b o u t I d r o p p e r
1 O m l ) w a s u s e d t o m a i n t a i n t h e s u s p e n s i o n .
C o n t r o l s o l u t i o n s c o n t a i n e d t h e s a m e a m o u n t
o f T w e e n 8 0 . U n l e s s o t h e r w i s e i n d i c a t e d ,
t h e s u s p e n s i o n w a s a d d e d t o t h e a q u a r i a
s i x t i m e s p e r w e e k i n d o s e s o f 1 . 0 m l . p e r
1 0 0 l i t r e s o f w a t e r . T h i s m o d e o f t r e a t m e n t
i s a l s o r e f e r r e d t o a s " e x t e r n a l t r e a t m e n t " .
T h e c o n t r o l s r e c e i v e d a s i m i l a r v o l u m e o f
s u s p e n s i o n m e d i u m .
I n t h e " o r a l t r e a t m e n t " t h e s a m e a m o u n t
o f c o m m e r c i a l l y p r e p a r e d p e l l e t s u s e d a s
f e e d f o r t h e e x t e r n a l l y t r e a t e d f i s h , w a s
s o a k e d i n e q u a l a m o u n t o f M e t h a l l i b u r e
a s t h m , e u s e d f o r t h e e x t e r n a l t r e a t m e n t .
T h e p e l l e t s , d i s s o l v e d i n a s u s p e n s i o n o f
M e t h a l l \ b u r e , w e r e t h e n r e p e l l e t i z e d a n d
g i v e n t o t h e f i s h . T h e f i s h a c c e p t e d t h e m
r e a d i l y s i n c e t h e y w e r e a l r e a d y u s e d t o e a t i n g
t h e p e l l e t s .
P o n d E x p e r i m e n t s
T w o o n e - f o r t i e t h o f a n a c r e p o n d s w e r e
u s e d . A p a r t f r o m t h e n a t u r a l f o o d a v a i l a b l e
i n t h e p o n d s , c o m m e r c i a l l y p r e p a r e d p e l l e t s
w c r e a l s o a d d e d a s s u p p l e m e n t a r y f e e d .
S u p p l e m e n t a r y f e e d i n g w a s e s t i m a t e d a t
t h e r a t e o f 4 % o f t h e t o t a l w e i g h t o f f i s h
p e r p o n d i n e v e r y 2 4 h o u r s . O n c e a w e e k ,
t h e p o n d s w e r e f e r t i l i z e d w i t h s u p e r p h o s p h a t e
t o i n c r e a s e t h e g r o w t h o f p l a n k t o n s , t h e
n a t u r a l f o o d s o u r c e o f t h e f i s h . I t w a s a d d e d
a t a n e s t i m a t e d r a t e o f 6 k g p e r a n e i g h t h
o f a n a c r e , p l u s t h e s a m e a m o u n t o f a m -
m o n i u m s u l p h a t e . A n o r g a n i c f e r t i l i z e r
( c h i c k e n m a n u r e ) w a s a l s o u s e d .
O t h e r d e t a i l s s u c h a s t h e n u m b e r a n d
s i z e o f f i s h u s e d i n e v e r y e x p e d m e n t a r e
g i v e n w i t h t h e r e s u l t s .
E f f e c t o j M e t h a l l i b u r e o n t h e . S e c o n d a r y
S e x u a l C h a r a c t e r s G o n a d s a n d G r o w t h
T h e e f f e c t s o f M e t h a l l i b u r e o n t h e a b o v e -
m e n t i o n e d p a r a m e t e r s h a v e b e e n d e s c r i b e d
b y D A D Z I E ( 1 9 7 2 ) a n d s o o n l y a s u m m a r y
o f t h e r e s u l t s w i l l b e r e p o r t e d h e r e .
D A D Z I E ( 1 9 7 2 ) r e p o r t e d t h e a b o l i t i o n
o f t h e s e c o n d a r y ~-,exual c h a r a c t e r s a s w e l l
a s s p a \ \ ' n i n g b e h a v i o u r i n T . a u r e a a s a
r e s u l t o f M e t h a l l i b u r e t r e a t m e n t . W i t h
r e g a r d s t o t h e g o n a d s , t h e a u t h o r r e p o r t e d
t h a t t h e e f f e c t s o f t h e c o m p o u n d w e r e a l r e a d y
r e c o g n i z a b l e , i n t h e m a l e , o n t h e 1 0 t h d a y
o f t r e a t m e n t a s m a n y i n t e r m e d i a t e c e l l s
t h e ( s e c o n d a r y s p e r m a t o c y t e s a n d s p e r m a t i d s )
h a d d i s a p p e a r e d f r o m t h e t e s t i s ; a n d b y 2 5 t h
d a y t h e o r g a n w . i l s d o m i n a t e d b y n u m e r o u s
r e s t i n g s p e r m a t o g o n i a a n d s o m e s p e r m a t o z o a .
I n f e m a l e T i l a p i a , M e t h a l l i b u r e c a u s e d
a r e g r e s s i o n o f t h e o v a r i e s . A l l y o l k y o o c y t e s
u n d e r w e n t a t r e s i a b y t h e 2 5 t h d a y o f t r e a t -
m e n t a n d o n l y o o g o n i a a n d p r o t o p l a s m i c
o o c y t e s e v e n t u a l l y r e m a i n e d i n t h e o v a r y .
I t i s t h e r e f o r e c o n c l u d e d t h a t t h e c o m p o u n d
a c t s o n t h e o v a r i e s o f T i / a p i a b y a b o l i s h i n g
a l l s t a g e s o f d e v e l o p m e n t b e y o n d t h e p r o t o -
p l a s m i c s t a g e .
I n t h e c o n t e x t o f g r o w t h D A D Z I E ( 1 9 7 2 )
r e p o r t e d a n a v e r a g e i n c r e a s e o f 1 . 6 9 g p e r
f i s h i n t h e c o n t r o l g r o u p w h e r e a s t h e M e t h a l l i -
b u r e - t r e a t e d f i s h g a i n e d a n a v e r a g e w e i g h t
o f 3 . 0 7 g ( p < 0 . 0 5 ) , 3 . 3 1 g ( p < O . O I ) a n d
3 . 2 7 g ( p O < . 0 1 ) i n t h r e e g r o u p s o f e x p e r i -
m e n t a l f i s h r e s p e c t i v e l y , d u r i n g a n e x p e r i -
m e n t a l p e r i o d l a s t i n g 3 5 d a y s .
E f f e c t o f D i f f e r e n t M o d e s o f M e r h a l l i b u r e
T r e a t m e n t o n t h e G o n a d s i n R e l a t i o n 1 0 t h e
G o n a d o s o m a t i c I n d e x ( G . S . I . ~
W e i g h t o f g o n a d / W e i g h t o f f i s h X 1 0 0 ) .
E x p e r i m e n t o n e
T h e o b j e c t j v e o f t h i s e x p e r j r n e n t w a s t o
c o m p a r e t h e e f f e c t i v e n e s s o f e x t e r n a l a n d o r a l
M e t h a l l i b u r e t r e a t m e n t s w i t h t h e e v e n t u a l
h o p e o f w o r k i n g o u t a s y s t e m o f t r e a t i n g t h e
f i s h d i r e c t l y i n t h e p o n d s t h r o u g h f e e d i n g . T h i s
e x p e r i m e n t ' "
T h r e e g r O l
T . a u r e a , w e
w e r e m a i n t a
d e n s i t y o f 3 C
r e c e i v e d a n e
b u r e , w h i l e
o r a l t r c a t r n e r
a s t h e c o n t l
p e n s i o n r n e d
\ \ ' e r e s a m p l e
g o n a d s , b e
w e i g h e d . T h <
o f 4 0 d a y s .
R E S U L T S
( i ) E x t e r n a l :
F r o m T a b
e x t e r n a l M
i n a s t e a d y i
H o w e v e r , i t
o f t r e a t m e r
r e a c h e d . F r c
w a s a s h a I
1 . 5 3 1 t o 0 . 4
( i i ) 0 " , 1 T r e
T h e p e a k
t r e a t e d g r o l
a f t e r w h i c h
d e c l i n e . B e l
t h e 3 0 t h c
t h o u g h s t ,
d e c r e a s e i n
a n d F i g . I )
( i i i ) C o n t r o
T h e r e W~
i n t h e C O l
4 . 4 4 5 o n t l
a n d F i g . I :
H i s t o l o g y
G . S . I .
H i s t o l o j
o v a r I e S o l
t r e a t e d f i l
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m of treating the
>Ugh feeding. This
expedrnent was conducted on females only.
Three groups of sexually mature female
T. aurea, weighing between 58 and 100 g
were maintained in 400-htre tanks at a
density of 30 fish per tank. The first group
received an external treatment with Methalli-
bUfe, while the second group received an
oral treatment. The third group which served
as the control was treated with the sus·
pension medium. Four fish from each group
were sampled at 10 day intervals and the
gonads, before fixing) \'t'ere accurately




From Table I and Fig. 1 it is evident that
external Methallibure treatment resulted
in a steady increase in the G.S.1. of the fish.
However, it was not until the 30th day
of treatment when the peak G.S.1. was
reached. From the 30th to the 40th day there
was a sharp decline in the G.S.1. from
1.531 to 0.417.
(ii) Oral Treatment
The peak G.S.1. of 1.515 in the orally-
treated group was reached within 10 days,
after which there was a somewhat steady
decline. Below a G.S.1. of 0.426 reached by
the 30th day, there was extremely little,
though statistically signifieant (p < 0.001),
decrease in the G.S.l. down to 0.33 (Table I
and Fig. I).
(iii) Controls
There was a constant increase in the a.s.1.
in the control group reaching a peak of
4.445 on the 40th day of treatment (Table I
and Fig. I).
Histology of the Ol'aries in Relation to the
G.S.I.
Histological examination of slides of the
ovaries of both the externally and orally
treated fish revealed that the peak G.S.1.
In both cases were reached when hyper-
trophy and hyperplasia of the oocytes and
their component cells were intensified.
Atresia in the yolky oocytes started when the
Zona radiata lost its original contours,
and simultaneously, the follicular cells
became hypertrophied and multilayered.
Hydration of the atretic oocytes takes place
probably at this stage as evidenced by the
presence of enlarged oocytes with friable
inclusions. The hypertrophied follicular cells
then invaded the yolk in the oocyte. It is
probably up to this stage in atresia when
the peak G.S.1. is reached.
When the G.S.1. of the two groups of
treated fish showed a decline, the ovaries,
when examined histologically, revealed
oocytes in advanced stages of atresia, during
which most of the yolk had been ejected,
leaving little or none of it at all in the oocyte
which, at this stage, IS found with distorted
contour.
After the atretic oocytes had been resorbed
from the ovary the latter contained oogonia
and protoplasmic oocytes only. This ac-
counted for the very low G.S.1. of 0.417
and 0.33 in the externally and orally-treated
fish respectively.
Some of the ovaries of the control fish,
when examined revealed the presence of
ruptured follicles as well as cells in different
stages of oogenesis, indicating that spawning
had taken place in these fish. The rest of
the control females had. ovaries containing
oogonia, protoplasmic and vitellogenetic
oocytes, as well as numerous large ripe
oocytes reflecting on the ever-increasing
and high G.S.1. encountered.
Experiment two
The aim and modes of treatment in this
experiment were the same as the preceding
one. The only differences were in (I) the
size of the fish used, (2) the sex ratio, and
(3) the volume of the tanks.
Three groups of maturing male and female
Table 1. Effects of Methallibure on the Gonadosomatic Index (O.S.l.) in T. aurea.
GONADOSOMATIC
Mt:an G.S.1. ± SE*
-
----
10 days 20 days 30 days 40 days
~-----
.294~O.244 1.443±0.252 1.531 +0.181 0417tOSI
.515=0.358 0.84hO.134 0.426±0.O21 0.33 1:001
.648~0.n71 3. 88J =LO./ 7 4.339::rO.375 4.445±0.253
1.572±O.3J3 0.781,,0.027 0.53±0.035
0605=0.078 O__17J~O.03 O. 3D3 .--±::0.O2
1.2\4±O.139 2.454±0.O8 5.225,leO.136
o 371±0.103 0.133+0.02 O.115±0.012
0.211 ±0.037 o 105l 0.026 C06~LOOI5






































·S.E. = Standard Error.
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Fig. 3. Effects of different modes of Meth.llibure tre.tment on the Gon.dosom.tic Index in
M.le T. aurea.
1 : 1 4 S T E P H E N D A D Z l E
T . a u r e a , w e i g h i n g b e t w e e n e i g h t a n d 2 4 g
w e r e m a i n t a i n e d i n t h r t : " e 2 0 0 - l i t r e t a n k s
a t a d e n s i t y o f 3 0 f i s h p e r t a n k . T h e f i r s t
g r o u p w a s t r e a t e d e x t e r n a l l y , t h e s e c o n d
o r a l l y w i t h M e t h a l l i b u r e a n d t h e t h i r d g r o u p
r e c e i v e d T w e e n 8 0 a n d s e r v e d a s . t h e c o n t r o l .
A l t h o u g h t h i s e x p e r i m e n t i n v o l v e d b o t h
m a l e s a n o f e m a l e s i n t h e s a m e t a n k , t h e
r e s u l t s a r e , h o w e v e r , - p r e s e n t e d s e p a r a t e l y
f o r f e m a l e s ( e x p e r i m e n t 2 a ) a n d s a m e f o r
m a l e s ( e x p e r i m e n t 2 b ) f o r c o m p a r a t i v e
p t l r p o s e s .
R E S U L T S
T h e G S . 1 . a n d i t s r e l a t i o n t o t h e h i s t o l o g y
o f t h e o v a r i e s :
( i ) E x t e r n a l T r e a t m e n t :
T a b l e I a n d F i g . 2 s h o w t h a t t h e p e a k
G . S . 1 . o f 1 . 5 n w a s r e a c h e d o n l y a f t e r 1 0
d a y s o f e x t e r n a l t r e a t m e n t T h i s w " ' f o l l o w e d
b y a r a t h e r s h a r p d e c l i n e i n t h e G . S . 1 .
A f t e r . a G . S . I . o f 0 . 7 8 1 r e a c h e d b y t h e 2 0 t h
d a y t h e r e w a s a v e r y s l o w d e c l i n e d o w n t o
0 . 5 3 o n t h c 3 0 t h d a y o f t r e a t m e n t .
M i c r o s c o p i c e x a m i n a t i o n o f s l i d e s o f t h e
o v a r i e s e x a m i n e d o n t h e 1 0 t h d a y r e v e a l e d
i n t e n s i v e h y p e r p l a s i a a n d h y p e r t r o p h y o f
t h e f o l l i c u l a r c e l l s . c o u p l e d w i t h h y d r a t i o n
o f t h e o o c y t e s w i t h h y p e r t r o p h i e d f o l l i c l e s
a n d a n i n v a s i o n o f t h p . o o c y t e - y o l k . T h e s e
f i n d i n g s W e r e i d e n t i c a l w i t h t h o s e o b s e r v e d
o n t h e 3 0 t h d a y i n t h e f i r s t g r o u p o f t h e
p r e v i o u s e x p e r i m e n t , a l t h o u g h i n t h e p r e s e n t
o n e , t h e f i n d i n g s w e r e o b s e r v e d o n l y o n t h e
1 0 t h d a y o f t r e a t m e n t . I t i s w o r t h y t o n o t e .
h o w e v e r , t h a t t h e s e i d e n t i c a l h i s t o l o g i c a l
o b s e r v a t i o n s , m a d e o n t h e o v a r i e s o r t w o
g r o u p s o f f i s h f r o m n e a r l y i d e n t i c a l e x -
p e r i m e n t a l c o n d i t i o n s b u t d i f f e r e n t s a m p l i n g
p e r i o d s , a l s o a g r e e w i t h r e s u l t s o f g r a v i -
m e t r i c a n a l y s i s o f t h e g o n a d i n e a c h e x -
p e r i m e n t a l g r o u p .
B y t h e 3 0 t h d a y o f t r e a t m e n t t h e l o w
G . S . 1 . r e c o r d e d w a s s u p p o r t e d b y h i s t o -
l o g i c a l e x a m i n a t i o n o f t h e o v a r i e s w h i c h
r e v e a l e d t h e p r e s e n \ ; c o n o n l y o o g o n i a a n d
p r o t o p l a s m i c o o c y t e s . T h e s e f i n d i n g s w e r e
a l s o i d e n t i c a l w i t h t h o s e o b s e r v e d o n t h e
4 0 t h d a y i n t h e f i r s t g r o u p o f t h e p r e v i o u s
e x p e r i m e n t .
( I i ) O r a l T r e a t m e n t
T h e G . S . 1 . 0 . 6 0 5 o f t h e f i s h o r a l l y t r e a t e d
f o r 1 0 d a y s w a s o n t h e d e c l i n i n g p h a s e
( T a b l e I a n d F i g . 2 ) . A f u r t h e r d e c l i n e d o w n
t o 0 . 3 7 1 w a s o b s e r v e d o n t h e 2 0 t h d a y o f
t r e a t m e n t a f t e r w h i c h i t r e m a i n e d a t 0 . 3 0 5 .
T h e o v a r y o f t h e 1 O - r l a y o r a l l y t r e a t e d
f i s h r e v e a l e d o o e y t e s a t a d v a n c e d s t a g e s
o f a t r e s i a p r e ' i o u s l y d e s c r i b e d , i . e . c o m p l e t e
o r a l m o s t c o m p l e t e d e p l e t i o n o f y o l k - h e n c e
t h e l o w G . S . 1 . T h i s p h a s e t o o k a l o n g e r
t i m e t o r e a c h i n t h e p r e v i o u s e x p e r i m e n t
d u e , p e r h a p s , t o t h e l a r g e r s i z e s o f t h e
f i s h i n t h e l a t t e r . b u t t h e h i s t o l o g i c a l p i c t u r e
o r t h e o v a r i e s w a s t h e s a m e e v e n t h o u g h
t h e y w e r e f r o m d i f f e r e n t e x p e r i m e n t a l g r o u p s .
F r o m t h e 2 0 t h t o t h e 3 0 t h d a y . o n l y o o g o n i a
a n d p r o t o p l a s m i c o o c y t e s w e r e f o u n d i n
t h e o v a r y , a g a i n i d e n t i c a l w i t h t h o s e o f
t h e p r e v i o u s e x p e r i m e n t , t h u s j u s t i f y i n g
t h e l o w G . S . 1 .
( i i i ) C o n t r o l s
A h i g h G . S . 1 . o f 5 . 2 2 5 w a s r e c o r d e d i n
t h e c o n t r o l f e m a l e s o n t h e 3 0 t h d a y o f
t r e a t m e n t ( T a b l e I a n d F i g . 2 ) . T h e r e w e r e
g e r m c e l J s a t a l l s t a g e s o f d e v e l o p m e n t
i n c l u d i n g r i p e e g g s i n t h e o v a r y w h e n t h e
l a t t e r w a s e x a m i n e d .
T h e 0 . S . 1 . a n d i t s r e l a t i o n t o t h e h i s t o l o g y
o f t h e t e s t e s :
( i ) E x t e r n a l T r e a t m e n t
T h e r e w a s a d e c l i n e i n t h e G . S . 1 . ( 0 . 3 7 1 )
i n t h e m a l e s a f t e r 1 0 d a y s o f e x t e r n a l m e t h a l l i -
b u r e t r e a t m e n t ( T a b l e I a n d F i g . 3 ) . T h i s
d e c l i n e w a s a c c o m p a n i e d b y t h e d i s a p p e a r a n c e
o f p r i m a r y a n d s e c o n d a r y s p e n n a t o c y t e s a s
w e l l a s s p e r m a t i d s f r o m t h e t e s t i s . F r o m t h e
2 0 t h t o t h e 3 0 t h d a y o f t r e a t m e n t t h e G . S . 1 .
r e m a i n e d l o w , a t 0 . 1 3 3 a n d 0 . 1 1 5 r e s p e c t i v e l y ,
a n d t h e c e l l t y p e s i n t h e t e s t e s r e m a i n e d t h e
s a m e , i . e . s p e r m a t o g o n i a a n d s p e r m a t o z o a .
( i i i ) O r a l
O r a l n
a c o n s i s t
m a l e f r O !
o n t h e 2 0 1
t h e G . S . l
a n d F i g .
u s h , w h e r
a n d s p e n
o f t h e t t
e x t e r n a l l y
( i i i ) C o n t ,
T h e G
f r o m O A C
m e n t , t o
a n d F i g . :
m a t u r e a
l a r g e q u a
w e r e e x a l T
s e x u a l c h :
T h e r e s
t h a t M e t
o r o r a l l y ,
G . S J . 1
a c c o r n p a n
g o n a d s . ~
i n t h e f
s t a g e s o f
t h e c o m p
t h e G . S . I
w i t h r e g I
O r a l t r
b y g r a v i r r
a n a l y s e s ,
t h a n e x t e ]
A t t h e
t o h a v e a
y o l k y e m
w i t h y o l k
M o r t a l i t y
D u r i n B
o n l y o n e
t e r n a l l y - t
f r o m t h '
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RESULTS
there was no mortality in the 120 controls,
the very low mortalIty recorded in the
experimental groups makes it unlikely to
subscribe the cause of death to the Methalli-
bure.
The Secondary effect of Methallibure
on gro"",th is described as the difference in
weight of experimental fish previously treated
with Methallibure, over the controls during
the period of recovery in fish ponds.
The fish were examined for the first time,
two weeks after being transferred into the
ponds. At the time, spawning was observed
among the controls as evid~nced by the
presence of fingerings in the pond. When
the fish were caught, some of them were
found with incubating eggs in their buccal
cavity. These controls, upon weighing
revealed an average weight gain of 15.1 g
per fish (Table 2).
Two weeks of recovery in the pond did





(13 externally and 12 orally-treated) with
an average weight of 92.lg and measuring
13.9-17.7 em. were transferred into a pond
in early Summer when the average daily
temperature of the water ranged cetween
26-31"C for recovery after 40 days of treat-
ment in tanks. The same number of control
females with an average weight of 95.9g and
measuring 14.]-18.9 em. were transferred
into another pond. Ten untreated, ripe males
were introduced into each of the two pom]s to
facilitate spawning behaviour and spawning.
Seining was planned at two weeks' intervals
to check for evidence of spawning and to





During the whole period of the experiment,
only one fish out of 60 died from the ex-
ternally-treated group, and two out of 60
from the orally-treated group. Although
(iii) Oral Treatment
Oral methallibure treatment resulted in
a consistent decrease in the G.S.I. of the
male from 0.211 on the 10th day to 0.105
on the 20th day. By the 30th day of treatment
the G.S.I. had reduced to 0.06 (Table I
and Fig. 3). Slides of the testes of these
fish, when examined, revealed spermatogonia
and spermatozoa. The histological picture
of the testes was similar to that of the
externally-treated fish.
(iii) Control
The G.S.I. of the control fish increased
from 0.401, at the beginning of the experi-
ment, to 3.038 by the 30th day (Table 1
and Fig. 3). These fish had become sexually
mature as evidenced by the presence of
large quantities of ripe sperm when they
were examined, and the display of secondary
sexual characters on the body.
The results of these experiments suggest
that Methallibure administered externally
or orally, acts on the fish by reducing the
G.S.I. This reduction in the G.S.I. is
accompanied by regressive changes in the
gonads. The initial increase in the G.S.I.
in the females correspond with definite
stages of atresia in the ovary. In the males,
the compound acls by consistently reducing
the G.S.I. This process also corresponds
with regressive changes in the testes.
Oral treatment in both sexes, as judged
by gravimetric and·supported by histological
analyses. seems Lo act quicker on the gonads
than external treatment.
At the same do,.ge, Methallibure seems
to have a quicker effect on smaller fish with
yolky eggs as compared to larger ones also
with yolky eggs.
~ese findings were
~ observed on the
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p r e v i o u s l y t r e a t e d
e v e r , s o m e o f t h e f i
y o l k y e g g s w h e n t h ,
T h e s e p r e v i o u s l y - t n
a n a v e r a g e w e i g h t
c o m p a r e d w i t h 1 5 . 1
s e n t i n g a n i n c r e a s e l
c o n t r o l s ( T a b l e 2 ) .
F i v e d a y s I a l e r ,
d e a d i n t h e p o n d ~
f i s h . O n t h e n e x t d
c o u n t e d f r o m t h e s a
t w o o f t h e u n t r e a 1
f o u n d d e a d . T h e e ,
t e r m i n a t e d a n d u n s l
m a d e t o d e t e r m i n e I
E Y P E R I M E N T F O '
T w e n t y - f o u r M e t
m a l e s a n d 1 2 f e
w e i g h t o f 6 3 . 8 g i n '
i n t h e m a l e s a n d
1 4 . 9 - 1 8 . 5 e m . r e s
i n t o a p o n d i n A u
t h r e e m o n t h s o f t r e l
n u m b e r s o f m a l e s I
c o n t r o l l a n k w e r e t !
p o n d .
D u e t o b a d w e
w a s i m p r a c t i c a b l e .
s p a w n i n g ( w h i c h v
o p e r a t i o n ) i n b o t h
m e n t a l p o n d : ; ; c o n t i
a m o s q u i t o n e t . A t
w e e k , t h e f i s h i n b ,
c h e c k e d f o r s p a w f
R E S U L T S
S p a w n i n g o c e u r n
s o o n a f t e r t h e f i s h
L a r g e n u m b e r s o f
s w i m m i n g i n g r a u
f e m a l e s s t i l l c a r r i e
T h e c o n t r o l f e m a
s e v e n w e e k s i n t h e
w e i g h t o f 2 7 . 2 g ]
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previously treated with Methallibure. How-
ever, some of lhe females examined released
yolky eggs when the peritoneum was pressed.
These previously-treated females had gained
an average weight of 45.4g per fish, as
compared with 15.1g in the controls, repre-
senting an increase of 30.3g per fish over the
controls (Table 2).
Five days later, five females were found
dead in the pond with Methalliburc-trcatcd
fish. On the next day, nine dead fish were
counted from the "arne pond, but this time,
two of the untreated controls were also
found dead. The experiment was therefore
terminated and unsuccessful attempts were
made to determine the cause of death.
EXPERIMENT FOUR
Twenty-four Methal1ibure-treated fish (12
males and 12 females) with an average
weight of 63.8g in the females and 75.3g
in the males and measuring 13.7-18.4 and
14.9-1~.5 cm. respectively were transferred
into a pond in Autumn for recovery after
three months of treatment in tanks. Equal
numbers of males and females, from the
control tank were transferred into another
pond.
Due to bad weather, periodic semmg
was impracticable. However, checks for
spawning (which was a relatively easier
operation) in both the control and experi-
mental ponds continued t::very week using
a mosquito net. At the end of the seventh
week, the fish in both ponds were caught.
checked for spawning and weighed.
RESULTS
Spawning occurred in the control pond
soon after the fish were transferred into it.
Large numbers of fingerlings were found
swimming in groups in the pond. Some
females still carried incubating eggs.
The control females, during the period of
seven weeks in the pond gained an average
weight of 27.2g per fish and measured
between 16.0and 20.5cm. while the previously
Methallibure treated females gained an
average of 52.2g per fish representing an
increase of 25g over the controls, and
measured [6.5-21.7 em. (Table 2). One
previously tr.eated female, however, was
found with eggs in the early cleavage stage,
in her mouth, indicating that spawning
had just occurred.
The treated males, on the contrary, had
gained less weight per fish as compared with
thc control males-80.7g; 92.8g, repre-
senting an average loss of l2.lg over the
controls (Table 2). The treated fish measured
18.5/20.6 em. and the controls, 20.0-25.5 cm.
The results of the second experiment
confirms those of the first, that at least in
female T. aurea, MethuJIiburc enhances
growth of the fish in ponds after the with-
drawal of the compound. Spawning is also
abolished during the period of treatment.
During the period of recovery. the onset
of maturation and spawning is delayed.
The regressed gonads, however, a~ compared
with untreated fish with the ·same gonadal
state, have the ability to grow faster and
compensate for the regressive .effects caused
by Methallibure.
Mortalitv
The fish were maintained in the same
ponds as those of the preceding experiment.
No mortality was recorded during the present
experiment. This is highly suggestive that
the cause of death of some of the treated
fish in the previous experiment was not due
to the treatment. Moreover, a few untreated
controls also died.
DISCUSSION
Methallibure treatment of fish has been
reported for a few species. The earlier works
include those of HOAR, WIEBE and WAl
(1967) WIEBE (1968; 1969), PANDEY
(1970) and PANDEY and LEATHERLAND
(1970). In Tilapia these investigations have
1 3 8 S T E P H E N D A D Z I E
b e e n c a r r i e d o u t b y H Y D E R ( 1 9 7 2 ) a n d
D A D Z I E ( 1 9 7 2 ; 1 9 7 3 ) . I n c a r r y i n g o u t
t h e s e i n v e s t i g a t i o n s t h e r e s e a r c h e r s c o n -
c e n t r a t e d o n t h e e f f e c t s o f t h e c o m p o u n d
o n t h e r e p r o d u c t i v e p h y s i o l o g y o f t h e s p e c i e s
t h e y s t u d i e d . M e t h a l l i b u r e t r e a t m e n t o f
f i s h , h a s t h e r e f o r e n e v e r b e e n s t u d i e d i n
t h e c o n t e x t o f g r o w t h .
T h e e v i d e n c e o b t a i n e d f r o m t h e t h i r d
e x p e r i m e n t r e v e a l t h a t a f t e r 4 0 d a y s o f
M e t h a l l i b u r e t r e a t m e n t i n t a n k s , t h e e x p e r i -
m e n t a l f i s h , o n l y a f t e r t w o w e e k s o f t r a n s f e r
i n t o p o n d s , g r e w t h r e e t i m e s b i g g e r t h a n
t h e c o n t r o l s - b y 4 5 g p e r f i s h a s c o m p a r e d
w i t h 1 5 g i n t h e c o n t r o l s , i . e . 3 . 2 g p e r d a y
p e r t r e a t e d f i s h a s a g a i n s t 1 . 1 g p e r d a y p e r
c o n t r o l f i s h .
T h a t l a s t e x p e r i m e n t w a s , e s s e n t i a l l y ,
a r e p e t i t i o n o f t h e p r e c e e d i n g o n e , a n d
u n f o r t u n a t e l y , f o r r e a s o n s b e y o n d m y c o n t r o l
t h e f i s h c o u l d n o t b e t r a n s f e r r e d i n t o t h e
p o n d s e a r l i e r t h a n A u t u m n , b y w h i c h t i m e
t h e d e c r e a s i n g t e m p e r a t u r e o f 2 4 - 2 0 ° C
w a s n o t c o n d u c t i v e t o g r o w t h o f T i l a p i a .
I t w a s f o r t h e s a m e r e a s o n t h a t t h e t r e a t m e n t
c o n t i n u e d f o r 3 m o n t h s i n t h e t a n k s .
T h e f a l l i n t e m p e r a t u r e c o u l d p o s s i b l y
h a v e a c c o u n t e d f o r t h e s m a l l w e i g h t i n c r e a s e
o f 5 2 g p e r f e m a l e i n t h e e x p e r i m e n t a l g r o u p ,
a s c o m p a r e d w i t h 2 7 g i n t h e c o n t r o l s d u r i n g
a p e r i o d o f s e v e n w e e k s . T h e s e r e p r e s e n t
a d a i l y a v e r a g e i n c r e a s e o f o n l y I . I g p e r
f i s h i n t h e t r e a t e d a s a g a i n s t 0 . 6 g p e r f i s h i n
t h e c o n t r o l g r o u p s .
T h e e x p e r i m e n t a l m a l e s s e e m e d t o h a v e
b e e n e v e n m o r e s u s c e p t i b l e t o t h e d e c l i n i n g
t e m p e r a t u r e t h a n t h e f e m a l e s a s i n s p i t e
o f t h e b i g g e r w e i g h t i n c r e a s e , t h e c o m p a r a t i v e
a v e r a g e w e i g h t g a i n o f 8 1 g w a s l e s s t h a n
i n t h e c o n t r o l s w h i c h g a i n e d a n a v e r a g e
w e i g h t o f 9 3 g p e r f i s h d u r i n g t h e e x p e r i m e n t
l a s t i n g 7 w e e k s . T h e s e r e p r e s e n t a n a v e r a g e
d a i l y i n c r e a s e o f 1 . 6 g i n t h e t r e a t e d g r o u p
a s c o m p a r e d w i t h 2 . 0 g i n t h e c o n t r o l s .
F r o m d a t a c o l l e c t e d i n I s r a e l o n t h e g r o w t h
T i / a p i a i n p o n d s , i t w a s r e v e a l e d t h a t t h e
s e l e c t i o n a n d r e a n n g o f m a l e h y b r i d s e i t h e r
w i t h c a r p o r w i t h c a r p a n d m u l l e t t o g e t h e r
f o r p e r i o d b e t w e e n 7 7 a n d 1 3 0 d a y s y i e l d e d
w e i g h t i n c r e a s e s b e t w e e n 2 . 7 a n d 5 . 7 g m
w i t h a n a v e r a g e o f 3 . 9 g p e r f i s h p e r d a y .
D u r i n g t h e g r o w t h p e r i o d s o f M e t h a l l i b u r e
t r e a t e d T i / a p i a i n p o n d s , t h e b e s t r e s u l t s
w e r e o b t a i n e d f r o m a n e x p e r i m e n t l a s t i n g
t w o w e e k s d u r i n g w h i c h t h e e n v i r o n m e n t a l
c o n d i t i o n s f a v o u r e d g r o w t h o f t h e f i s h .
T h e w e i g h t i n c r e a s e s r e a l i z e d w e r e 4 5 . 5 g m
p e r f i s h , r e p r e s e n t i n g a n a v e r a g e d a i l y
i n c r e a s e o f 3 . 2 g p e r f i s h . T h e s e r e s u l t s
c o m p a r e f a v o u r a b l y w i t h t h o s e o b t a i n e d
t h r o u g h t h e d i f f i c u l t m e t h o d o f m o n o s e x
c u l t u r e p r a c t i s e d i n I s r a e l a n d o t h e r c o u n t r i e s .
H o w e v e r , t h e l a t t e r r e s u l t s w e r e o b t a i n e d
a s a r c s u l t o f y e a r s o f e x p e r i m e n t a t i o n
d u r i n g w h i c h t h c w h o l e f i s h c u l t u r e m a n a g e -
m e n t w a s m a i n t a i n e d a t j t s o p t i m u m .
I t i s t h e r e f o r e e n c o u r a g i n g t h a t t h e
p r e l i m i n a r y e x p e r i m e n t s o n t h e u s c o f
M e t h a l l i b u r e i n T i / a p i a c u l t u r e h a v e y i e l d e d
s u c h e x c e l l e n t r e s u l t s . N o d o u b t , p r o p e r
m a n a g e m e n t o f t h e p o n d s ( o p t i m a l s t o c k i n g
r a t e , f e e d i n g , f e r t i l i z a t i o n , e t c . ) w i l l b e
r e q u i r e d i n o r d e r t o r e a l i z e b e t t e r g r o w t h .
I t i s i n t e r e s t i n g t o n o t e h e r e , t h a t w o r s e
g r o w t h i s r e a l i z e d n o t o n l y f r o m a n o v e r -
s t o c k e d p o n d , b u t a l s o f r o m o n e t h a t i s
u n d e r s t o c k e d - a s t h e c a s e w a s ( u n d e r -
s t o c k i n g ) i n t h e p r e s e n t M e t h a l l i b u r e e x p e r i -
m e n t s i n p o n d s .
T h e f a c t t h a t T i / a p i a r e a d i l y a c c e p t s f e e d
m i x e d w i t h M c t h a l l i b u r e ( o r a l t r e a t m e n t )
p r e s e n t s a n o t h e r a d v a n t a g e , w h i c h t o g e t h e r
w i t h t h e r e s u l t s p r e s e n t e d , m a k e s i t p o s s i b l e
t o m a k e t h e f o l l o w i n g s u g g e s t i o n s o n t h e
u s e o f t h e c o m p o u n d i n T i l a p i a c u l t u r e f o r
t h e p o s t p o n e m e n t o f t h e o n s e t o f m a t u r a t i o n
a n d t h e r e a r i n g o f l a r g e r m a r k e t a b l e - s i z e
f i s h .
M e t h a l l i b u r e c o u l d b e a d d e d d i r e c t l y
t o t h e p o n d a s o n e o f t h e i n g r e d i e n t s o f t h e
p e l l e t s , t h e r e b y a b o l i s h i n g t h e r e s t r i c t i o n
o f t h e t r e a t m e n t o n l y t o t a n k s , b e f o r e t h e
f i s h a r e t r a n s f e
w a y , t h e r e g r e '
o n t h e g o n a d s
t h e p o n d t h n
I n v e s t i g a t i o n
t h e t i m e w h i c h 1
g o c o m p l e t e r e
t r e a t m e n t a n d
a s a r e s u l t o f
F r o m s u c h d a t I
p e r i o d o f t r e ,
D u r i n g t h e " 0 1
f e d w i t h M e t h
a r e s u l t , m a t u I 1 l
n o r m a l g r o w t h
D u r i n g t h e " o f i
f e d w i t h M e t h a ]
c a n t w e i g h t i l l
d u r i n g t h e p e r i
m a t u r a t i o n , t h e l
a n d s t o p p e d a t
T h e s e " o n an~
c o u l d c o n t i n u e ,
d e s i r a b l e s i z e (
T H E E C O N O I
T h e c o m p o U i
n o m i c a l i n u s e .
t o g a s t e r w i t h a
a q u a r i a o f 1 0 I
1 0 0 m ! . d i s t i l l e d
t h e d o s a g e w a s
p e r 1 0 0 - l i t r e a q l
s u s p e n d e d i n I
r a t e o f t h e e f f e
s a m e a t t h e d
S i d e E f f e c t s
T h e p o s s i b i l
M e t h a l l i b u r e t n
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o tanks, before the
fish are transferred into the ponds. In this
way, the regressive effects of Methallibure
on the gonads will be realized directly in
the pond through feeding.
Investigation will need to be made into
the time which the gonads will take to under-
go complete regression, as a result of the
treatment and their ;recovery to maturity,
as a result of cessation of the treatment.
From such data, a system of "on and ofr"
period of treatment can be calculated.
During the "on" period the fish could be
fed with Methallibure-included pellets. As
a result, maturation would be abolished but
normal growth of the fish would continue.
During the "ofr' period, the fish could be
fed with Methalibure-free pellets and signifi-
cant weight increases would be realized
during the period of recovery. Just before
maturation, the treatment could be resumed,
and stopped at the appropriate time again.
These "on and off"' periods of treatment
could continue within a season, until the
desirable size of the fish is achieved.
THE ECONOMY OF METHALLIBURE
The compound has proved to be eco-
nomical in use. WIEBE (1968) treated Cyma-
togaster with a 1.0 ml volume per 150-litre
aquaria of 10 g Methallibure suspended in
100 ml. distilled water. In the present study,
the dosage was reduced to J.O ml. volume
per IOO-litre aquaria of only I g M<thallibure
suspended in 100 ml. distilled water. The
•
rate of the effects on the gonads were the
same at the different dosages.
Side Effects
The possibility of side effects which
Methallibure treatment might have on other
tissues, were not investigated, but they are
not ruled out. However, the fact that the fish
is capable of spawning after the cessation of
the treatment, is an indication that a greater
amount (if not all) of the compound is
excreted from the body.
SUMMARY
The use of Methallibure to check the
unrestricted spawning in TUapia and for
enhancing somatic growth are investigated.
The compound abolishes the secondary
sexual characters and spawning behaviour.
The yolky oocytes of treated females undergo
atresia leaving only oogonia and proto-
plasmic oocytes in the ovary. In the males,
the compound causes a marked regression
of the testis, blocks meiosis and prevents
the transformation of spermatogonia }nto
spermatocytes. Cells beyond the spermato-
gonial stage at the time of treatment, undergo
degeneration.
Methallibure, administered orally or ex-
ternally, acts on the fish by reducing the
G.S.r. This reduction in the G.S.I. is ac-
companied by regressive changes In the
gonads.
Oral treatment in both sexes, as judged
by gravimetric and supported by histological
analyses, seems to act quicker on the gonads
than external treatment.
At the same dosage, MethaJlibure seems
to have a quicker effect on smaller fish as
compared with larger ones.
In female Tilapia at lqst, Methallibure
enhances growth of the fish in ponds after
the withdrawal of the compound, and during
the recovery period, the onset of maturation
and spawning is delayed.
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